The adrenal cortical hormones have been thought to play a role in the pathogenesis of hypertension for the following reasons: 1) Hypertension is a characteristic finding in Cushing's disease; 2) large doses of desoxycorticosterone (DCA) and salt administered to Addisonian patients produce hypertension (1); 3) hypertensive patients who developed Addison's disease had blood pressure falls to normal limits which were restored to previous levels with DCA (2) ; and 4) 80 per cent of the patients with severe hypertension have had significant improvement for three to seven years following 90 to 100 per cent adrenalectomy and limited sympathectomy (3). Moreover, animal experiments (4, 5) have shown that hypertension following renal artery occlusion cannot be produced in the absence of adrenal cortical steroids.
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Despite these observations, altered adrenal function in hypertension has not been clearly demonstrated. While mean levels of cortical steroids in blood and urine (6) (7) (8) (9) are not elevated in hypertensive patients, disturbances in salt and water metabolism observed in early hypertension prior to the development of renal damage by Green, Johnson, Bridges and Lehmann (10) and BraunMenendez (11) indirectly support the idea that the pattern of adrenal corticoids is altered. Brady (12) found that slices of canine adrenal tissue produce large quantities of steroids when incubated in vitro in autologous plasma and proposed the measurement of steroid formation in vitro as a direct assessment of the functional ca- 1 This work has been supported by Public Health Grant CY-3644, Heart Association of Southeastern Pennsylvania, The Pennsylvania Heart Association and the American Cancer Society. pacity of adrenal tissue (13) . The use of adrenalectomy for the palliative management of advanced cancer (14, 15) and the treatment of severe hypertension (16) enabled us to apply this method to human adrenal tissue and to demonstrate that the amount of steroids formed by the human adrenal incubates is sufficiently large for semiquantitative estimation and identification.
In the present report we are presenting steroid analyses of adrenal tissue incubates from 3 normotensive cancer-free patients, 8 normotensive patients with carcinoma of the breast or prostate and 23 patients with severe hypertension. The differences in the steroid formation by the incubates from normotensive and hypertensive subjects and the relationship between clinical picture and steroid formation within the hypertensive group will be discussed. In addition, the steroid pattern in the incubates from hypertensive patients will be compared with that in the adrenal vein blood obtained at operation. Studies concerning the identification of the steroids will be reported elsewhere. Table I . In two of the three cancer-free patients only a portion of one adrenal gland (200 to 600 mg.) was excised, while in the third a unilateral adrenalectomy was performed because of a hemorrhage occurring in the gland during the operation. No abnormalities were found by histological examination. The eight normotensive cancer patients were ambulatory and not nutritionally depleted at the time of adrenalectomy as evidenced by the satisfactory levels of serum proteins (Table I) Table V. The patients  in Tables II and V are arranged according to ascending diastolic blood pressure. Those in Table II are divided for statistical analysis into three groups according to their clinical picture and diastolic blood pressure. All patients were severe hypertensives who had been followed by the staff of the Hypertension Section of the Edward B. Robinette Foundation of the Hospital of the University of Pennsylvania. At the time adrenalectomy and a modified Adson type of sympathectomy were recommended they had failed to respond to several types of medical therapy and were showing progressive symptoms of the disease. All antihypertensive therapy had been stopped two weeks prior to operation. Twenty-one of the patients were on the usual hospital house diet without any restrictions. Two of the patients were in congestive heart failure as indicated in Table II and were on a salt-poor diet.
2. Preparation and extraction of the adrenal incubates. All adrenal tissue used in this study was obtained at the first stage of a bilateral adrenalectomy. No previous surgery had been done within one year in all cases studied.
Adrenal glands were dropped into an ice cooled beaker immediately after removal and transferred to a cold room '(4°C.) where the periadrenal fat and capsule were removed. The glands were then weighed, a portion removed for histologic examination and the remainder sliced by means of a Stadie Riggs tissue slicer. Approximately 1.0 Gm. batches of slices were transferred to chilled 125 ml. glass-stoppered Erlenmeyer flasks equipped with gas inlet and outlet tubes in the stoppers. Ten ml. of the patient's heparinized plasma with 50,000 units of penicillin and 0.1 Gm. of streptomycin were added to each flask. The flasks were agitated in a water bath at 37.5°C. for 24 hours while a slow current of a gas containing 95 per cent oxygen and 5 per cent carbon dioxide was continuously passing through the gas space of the flasks. The shaking rate was 50 to 60 oscillations per minute through an amplitude of 4 to 5 cm. The time interval between removal of the gland and the beginning of incubation was 45 minutes or less. Five units of adrenocorticotropin (Armour) was added to selected flasks.
After incubation, the tissue and medium were quantitatively transferred to and homogenized in a Potter Elvehjem all-glass homogenizer. Five volumes of acetone was added to precipitate the protein which was separated by filtration and washed several times with additional acetone. The acetone was removed in vacuo in a water bath at a temperature not exceeding 450 C. The aqueous phase remaining was extracted twice with 50 ml. of ethyl acetate and twice with 50 ml. of chloroform. The combined organic extracts were washed twice with 25 ml. portions of 0.1 N sodium hydroxide and twice with 50 ml. portions of distilled water. The organic phase was dried over sodium sulfate and evaporated to dryness in vacuo. Adrenal vein blood was treated in a similar manner. 
C6 6 6 6 6 (N 00 0o i2 of Burton, Zaffaroni and Keutmann (17) . Three main fractions resulted. Fraction X consisted of material found on the paper in a toluene-propylene glycol system after 13 ml. of effluent had been collected per 0.5 inch width of strip. The effluent from fraction X was evaporated and rechromatographed until 3 ml. of effluent per half inch strip was collected to give fraction Y. The effluent from fraction Y was evaporated to dryness and rechromatographed in a methylcyclohexane-propylene glycol system until 17 ml. of effluent per 0.5 inch strip was collected to give fraction Z.
In all instances aliquots of the extract corresponding to approximately 0.15 Gm. of adrenal tissue were placed on each half inch width of chromatographic strip. The strips, after drying in air, were scanned at 245 mju in a Beckman model D.U. spectrophotometer equipped with an adapter as described by Tennent, Whitla and Florey (18) . The instrument was set to 100 per cent transmittance against an area of the paper strip one inch above the starting line. Representative strips were sprayed with blue tetrazolium reagent and read at 600 mjt for detection of a ketolic substances.
Absorption curves for all strips were obtained by plotting the optical density of each point against the distance from the starting line. (13) . RESULTS 
Chromatographic pattern in adrenal incubates
and adrenal vein blood The chromatograms shown in Figure 1 represent the absorption curves at 245 m1A from the extracts of the adrenal incubate and the adrenal vein blood of a patient. The pattern is characteristic for the entire group of patients studied. Five definite areas of absorption on the chromatograms from the adrenal incubates have been found. The first area, corresponding to material more polar than compound F, has been labeled the "before F"
region. It contains several steroids not as yet identified. The second peak has been labeled as hydrocortisone on the basis of the following characteristics: The color reaction with blue tetrazolium gave a quantititative value agreeing with the degree of absorption of ultraviolet light at 245 mpu and the results of Porter-Silber determinations on selected zones. The mobility of the eluted zone in toluene-propylene-glycol and chloroform-formamide paper chromatograms as the free alcohol and as the acetate was the same as that of authentic hydrocortisone. The spectrum in sulfuric acid from 220 to 600 m/u was the same as that of the reference steroid under equivalent conditions. The characteristic green fluorescence was also shown by the eluted zones. The third peak has a mobility comparable to compound E in this system. Since several unidentified substances are present in this region, the area has been labeled the E-region. §1 0- (Table III) for steroid formation by adrenal incubates from the three "normal" and eight carcinoma patients suggests that the latter do not differ greatly from those of the former, although the number of patients in the "normal" group is too small for statistical evaluation. While no comparative data on in vitro steroid formation of normal human adrenal tissue are available in the literature, Sweat (21) has obtained ratios of 2.8 to 3.0 for hydrocortisone to corticosterone in peripheral blood of normal subjects-a value similar to the averages of 2.62 for carcinoma and 3.09 for "normal" adrenal incubates in our series. b) Hypertensive group. From Table IV it is seen that the pattern of steroid formation in the hypertensive group did not differ markedly from that in the normotensive series. In 9 of the 14 cases of Table IV , however, the rate of steroid formation was considerably higher than in adrenal incubates from the normotensive patients.
Steroid formation and diastolic blood pressure
To explore whether the differences in rate of steroid formation within the hypertensive groups were related to the severity of the disease, hydrocortisone formation by the incubates from the 23 patients of Tables IV and V was plotted against diastolic blood pressure. The results are illustrated in Figure 2 . A significant negative correlation (r =-0.64; p < 0.01) was obtained.
In Tables II and IV the hypertensive patients have been divided into three equal sub-groups according to clinical criteria of the severity of the disease. Groups I and III comprise the least and most severe cases, respectively, at the time of operation while the intermediary cases make up Group II as recorded in Table II . In general this classification agrees well with the diastolic blood pressure arrangement, the mean diastolic pressures being 109, 134 and 156 mm. Hg for the three groups. All patients of Group III with the exception of P. B. have subsequently died. The grouping of our patients may require slight revision when a greater number of cases becomes available.
The mean hydrocortisone formation (372 pg.) by the incubates of Group I adrenal tissue was significantly greater than that (184 pug.) of the normotensive cancer patients (Tables III and VI) , whereas the rate of hydrocortisone formation (184 pg.) by the Group III adrenal incubates was on the average not higher than that of the normotensive control group (the lower curve in Figure  3 and Table VI There was also a slight though less significant diminution (from 216 to 163 jpg.) in the synthesis of steroids of the B region from Subgroups I to III. In all the three hypertensive groups, however, the rate of formation of B-region steroid was significantly higher than in the cancer group (cf. Figure 4 and Table VI ). The increasing preponderance of formation of B-region steroids with increasing diastolic pressure can be most readily seen by inspecting the ratio of synthesis of hydrocortisone to synthesis of B-region steroids in Tables III and IV . This ratio declined from a mean of 2.6 in the group of normotensive patients with cancer to 1.6 in Group I of the hypertensive patients and, finally, to 1.1 in the patients with the most severe hypertension.
Steroid formation and adrenal weight
Inspection of the data in Tables IV and V reveals that the rate of hydrocortisone formation by incubates from glands weighing more than 6 Gm. was in 7 out of 9 instances below 200 jug. per Gm. The points in the center of the shaded rectangles represent the group means, the sides of the rectangles correspond to plus or minus one standard error of y and x, respectively. There are four cases in each hypertensive group as indicated in Table V . Analysis of variance of the data from the three hypertensive groups revealed a statistically highly significant association (p < 0.01) of cortisol formation and diastolic blood pressure and a highly significant ACTH effect (p < 0.01) in all three groups.
tomical constituent was responsible for the increase in weight of the whole gland.
The question arose to what extent the increased weight of the gland in severe hypertension compensated for the reduced rate of steroid formation per unit weight of adrenal tissue. To estimate the potential total capacity of steroid synthesis of the adrenal tissue present in the individual patient, the rates of steroid formation in vitro were multiplied by twice the weight of the gland excised. In Figure 6 the values thus computed for hydrocortisone and B-region steroid synthesis in normotensive cancer patients and the three groups of hypertensives have been plotted against diastolic blood pressure. The grand mean of total hydrocortisone output for the more severe hypertensive Groups II and III was significantly higher (931 jug.; p < 0.05) than that of the normotensive cancer group, whereas the rate of synthesis per unit weight of tissue had been significantly elevated only in Group I and II hypertensives. It is also seen that the total capacity to form B-region steroids did not diminish with increasing severity of the disease.
Steroid formation by adrenal incubates in pres-
ence of added ACTH The addition of 5 units of ACTH to the incubates increased the total synthesis of steroids per Gm. of tissue by 92 per cent and 59 per cent in the normotensive cancer group and the three hypertensive groups, respectively. With the normotensive tissue the relative amounts of steroids in the different regions of the chromatograms remained essentially unchanged. Acceleration of the hydrocortisone formation by ACTH in the hypertensive groups (81 to 93 per cent) was of the same order as in the cancer group (82 per cent). However, rates of formation of E-region steroids in the hypertensive Groups I and III and of Bregion steroids in Group I were not significantly stimulated by ACTH. In view of the small size of the groups, an interpretation of these comparatively slight deviations from the general response to ACTH stimulation should be postponed until confirmatory experimental evidence is available. ACTH did not alter greatly the differences between steroid formation of normotensive and hypertensive groups or within the hypertensive series. However, it appeared to augment the formation of B-region steroids in the adrenal incubates from the most severe hypertensive cases. About 31 per cent of the total steroid synthesis in Ag./gm. Figure 3 . The slight decrease in steroid formation within the hypertensive groups was not significant statistically (analysis of variance).
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Group III was due to steroids of the B-region as compared with 17 to 19 per cent in both Group I hypertensives and the normotensive cancer group after ACTH stimulation.
DISCUSSION
This study aimed at assessing the functional capability of normotensive and hypertensive adrenals by estimating in vitro steroid formation of tissue slices incubated in the autologous plasma. The close resemblance of the steroid patterns in adrenal vein blood and adrenal incubates supports the soundness of this method. The use of adrenals from the normotensive cancer patients as baseline for evaluating hypertensive alterations appeared justifiable as the data from the incubation of adrenal tissue from three normotensive cancer-free patients were in close agreement with the average of those from the cancer group.
The experiments yielded three findings of possible interpretative significance: 1) a negative correlation between steroid formation per Gm. of tissue and diastolic blood pressure in the hypertensive group associated with a fall of the ratio of F/B steroids due to the fact that formation of B-region steroids declined significantly less with increasing diastolic blood pressure than hydrocortisone formation; 2) a doubling of the rate of formation of all steroids, with the exception of 1 1f-hydroxyandrostene-3,17-dione, in the less severe hypertensive groups when compared with the ,u g./gm./24 Ir In evaluating the significance of the quantitative differences in steroid formation outlined above, consideration must be given to the fact that our assay system includes in the tissue slice and plasma two potentially independent variables. The question thus arises to what extent differences in the supply of substrates and ACTH by the individual plasmas contributed to the differences in rate of steroid synthesis.
If the difference in rate of steroid formation between the adrenal incubates from normotensive and hypertensive patients were due only to different amounts of corticotropin in the autologous plasmas used for the incubates, supplementation of the plasma medium with an excess of corticotropin should eliminate these differences. Exploratory experiments (13) have shown that the addition of 5 units of ACTH to the assay system produced maximum stimulation of steroid formation by both normotensive and hypertensive tissue. While hypertensive adrenal tissue was slightly though not significantly less stimulated than normotensive tissue by ACTH, the differences between the values from the hypertensive and normotensive groups as well as among the hypertensive groups 1533 F remained essentially unaltered when the plasma was supplemented with 5 units of ACTH.
The question whether the substrate concentration of the plasma was rate-limiting cannot be decided directly from the available experimental evidence. Whenever tested, steroid formation by the incubates appeared to proceed almost linearly during the first 12 hours and to decline but gradually during the second 12 hour period. Routine determinations of the time course which might have revealed instances of lack of substrate were not deemed advisable because of the limited amount of tissue available and the need for comparatively large quantities of steroids for separation and identification. The fact that in three exploratory experiments substitution of plasma from a normal donor for the hypertensive patient's plasma failed to alter significantly the rate of steroid formation by the incubates indicates a lack of substantial differences in substrate concentrations between the plasmas of the various groups. The fall of the F/B ratio with increasing severity of hypertension appears to be a significant observation. Since the steroids of these two regions arise from the same precursors, the shift of the ratio indicates changes in the functional capability of the adrenal cortical cells rather than differences in the supply of substrates.
Since corticosterone constitutes 70 per cent of the B-region steroids elaborated by the incubates, the fall of the F/B ratio suggests that there develops a deficiency of the 17-hydroxylase with progressing hypertension. To substantiate this interpretation it would be desirable to get quantitative information on the rate of synthesis of 17-hydroxycorticosterone (Substance S) and 18-aldocorticosterone (aldosterone), the formation of which should be affected by a deficiency in 17-hydroxylase in a similar manner as compounds F and B.
Our findings of increased adrenal weights in advanced hypertension, occasionally associated with nodularity of the cortex, corroborates the observations of earlier investigators [Rinehart, Wil- The decrease of the F/B ratio in the adrenal incubates from the patients with far advanced hypertension is of clinical interest since, besides aldosterone, corticosterone is the only salt-retaining steroid which can be detected in human adrenals (26) . Perera and Pines (27) , Woodbury, Rosenberg and Sayers (28) , and Selye (29) suggested that decreased formation of glucocorticoids rather than over-production of mineralocorticoids might be the essential feature of hypertension, since in the dog the pathological changes produced by administration of the mineralocorticoid desoxycorticosterone could be prevented by simultaneous treatment with cortisone (28 (32) which indicated that the rate of cortisol output by adrenals in situ, computed from the rate of blood flow and the steroid concentration in the adrenal blood at operation prior to excision of the gland, showed a negative correlation to the diastolic blood pressure of the patient similar to that in the corresponding adrenal incubate. Studies of the tissue metabolism in vitro reveal only potential cellular capabilities or deficiencies. The relevance of the in vitro findings for the function of the intact organ must be proved by in vivo observations. We have shown that the biochemical behavior of the slices from adrenal glands of hypertensive patients is consistent with some of the clinical observations on corticoid metabolism in essential hypertension. It should be re-emphasized, however, that our data on the rate of steroid formation of adrenal tissue in vitro concern only glands from hypertensive patients in whom the disease was progressing or had reached the malignant stage. While the alterations in the in vitro metabolism may be characteristic for the transition to the malignant stage of the disease, there is no evidence that they are specific for essential hypertension, since no similar series of adrenal glands from patients with other diseases producing chronic stress, except patients with advanced cancer of the breast and prostate, were available for comparison. Whether similar alterations of steroid metabolism in vivo are manifest in patients with various chronic diseases is being investigated.
SUMMARY
Steroid formation by slices of adrenal glands excised for the treatment of hypertension has been compared with that of glands from normotensive patients adrenalectomized for palliation of advanced cancer. The slices were incubated in the autologous plasma with and without addition of ACTH. The steroids were extracted from the incubates and separated by paper chromatography. Similar assays were done upon adrenal vein blood. The main results were: 1) On the chromatograms of all the incubates and samples of adrenal vein blood studied the steroids have been situated in five main areas designated as "before F" region, F position, Eand B-regions and A4-androstene-1 1,-ol-3,17-dione position. The latter steroid and compound F have been identified. The B-region contains 70 per cent corticosterone.
2) The rate of steroid formation per unit weight of hypertensive gland decreases with increasing diastolic blood pressure; i.e., with increasing severity of the hypertension. The decline is associated with a fall of the F/B ratio since hydrocortisone formation diminishes more than the synthesis of B-region steroids.
3) In the less advanced hypertensives the rate of formation of all steroids with the exception of A4-androstene-1 1,-ol-3,17-dione, is about twice that in the normotensive cancer group. In advanced hypertension only B-region steroid formation is significantly augmented.
4) The weight of the adrenal gland increases with increasing diastolic blood pressure and apparently compensates, in part, for the reduction in the rate of steroid formation per unit weight of tissue.
5) The implications of the in vitro changes in steroid metabolism for the interpretation of the clinical findings in essential hypertension have been discussed.
